Representative fluorescence image of a substrate modified with a probe similar to the one used in (b) but lacking the quencher. By comparing the fluorescence intensity of (b) and (c) we note little difference between samples, indicating that Cy3B is fully dequenched when the hairpin is fully opened. Note that a mechanically-denatured ssDNA hairpin is likely to be extended a greater distance than the duplex probe distance. Therefore, force-induced opening of the tension probes will likely lead to full recovery of the fluorophore intensity. Table  showing the F factor value, which relates the brightness of Cy3B 22% GC tension probes to that of TRITC-DHPE using a fluorescence microscope. By using the calibration curve in (a) and the F factor, we determined that the molecular density of Cy3B 22% GC tension probes was 419 ± 31 sensors/m 2 . This error represents the standard deviation in molecular density across three different substrates. 
Supplementary Figure 3. 22% and 100% GC content hairpin probe calibration by BFP.
(a) Example of an unfolding event measured by pulling of a 100% GC content hairpin probe. (b) Histogram of unfolding events for the two DNA-based probes that were tested (n = 99 hairpins tested). Each event corresponds to the denaturation of a single DNA hairpin probe. (c) Cumulative histograms for the 22% and 100% GC content hairpin tension sensor unfolding probability.
Supplementary Figure 4. Determination of dye quenching efficiency as a function of hairpin folding.
To show that the dye is completely dequenched when the hairpin is unfolded, we compared the fluorescence intensity of the probe with and without the quencher. (a, d) Representative fluorescence image of a probe surface with the folded (closed) hairpin tagged using the Cy3B-BHQ1 fluorophore-quencher pair. The quenching efficiency (QE) of this sample was ~93%. (b, e) Representative fluorescence image of an opened (or unfolded) tension probe surface where the Cy3B and BHQ1 fluorophore and quencher pair was separated by hybridization with a complementary strand to the hairpin region. (c, f) Representative fluorescence image of a substrate modified with a probe similar to the one used in (b) but lacking the quencher. By comparing the fluorescence intensity of (b) and (c) we note little difference between samples, indicating that Cy3B is fully dequenched when the hairpin is fully opened. Note that a mechanically-denatured ssDNA hairpin is likely to be extended a greater distance than the duplex probe distance. Therefore, force-induced opening of the tension probes will likely lead to full recovery of the fluorophore intensity. Table  showing the F factor value, which relates the brightness of Cy3B 22% GC tension probes to that of TRITC-DHPE using a fluorescence microscope. By using the calibration curve in (a) and the F factor, we determined that the molecular density of Cy3B 22% GC tension probes was 419 ± 31 sensors/m 2 . This error represents the standard deviation in molecular density across three different substrates.
Supplementary
Fluorescence images were converted to "unfolding percent" images by using the following steps ( Supplementary Fig. 7 ): 1) Collect raw fluorescence images of from cells cultured on MTFM DNA-based probes using indicated imaging parameters (see Imaging Parameters section below) ( Supplementary Fig. 7a ). 2) For multiplexed sensors, subtract bleed-through from other dyes yielding Supplementary  Fig. 7b . A bleed-through coefficient was determined by imaging one fluorescent probe (Cy3B, for example) using the alternate filter cube set (Cy5, for example). The bleed-through coefficients are listed in the Imaging Parameters section below. 3) Subtract EMCCD instrumental background from Supplementary Fig. 7b to obtain Supplementary Fig. 7c . 4) Determine the fluorescent intensity of the folded hairpin at resting (I DA-resting ) by averaging three regions of interest (box 1, 2 and 3 within Supplementary Fig. 7c ). Then, divide Histogram showing the frequency of pixels displaying different levels of % unfolding. Data were collected and analyzed from 6 cells. Note that a significant number of the 77% GC probes with GRGDS peptide were unfolded (with % unfolding values ranging from 4-12%) on these surfaces. In contrast, % unfolding values were diminished and ranged from 0-4% when the GRGDS peptide was presented in a binary mixture with cRGD peptides (Fig. 4b) , thus showing that integrins display chemo-mechanical specificity. The images were acquired every 10 min, with 400 ms exposure time for Cy3B and 1s exposure time for Cy5. Note that these imaging parameters were identical to the ones used for the cell experiment with multiplexed tension probes. Cy3B demonstrated better chemical stability compared to Cy5 tagged tension probes. To better simulate the cell experiments, we recorded fluorophore stability using cell media (including serum) and also adding cells to the chamber. Cells failed to attach since these sensors lacked the RGD peptide. . For the multiplexed probe data set, we subtracted the start position of the tension signal obtained from the 22% GC probe from that of the tension signal in the 100% GC probe channel. indicating a poor fit for the data when compared to (a). To confirm the control and multiplexed histograms represent different distributions, we performed a comparison of the two data sets (F-test) in Origin and found that the two sets are statistically different (p=0.038, which is <0.05). (c) To better fit the multiplex histogram, we used two Gaussian functions, which were software generated and are shown in the dashed red and green lines. The center of the red peak was -0.2 ± 0.1 pixels, which is similar to the control center position of 0.1 ± 0.1 pixels. This indicates no difference in the start position of tension in the two the channels. The green peak center position was -3.8 ±1 pixels, indicating that there was a subset of tension signals that displayed the 100% GC probe closer to the cell edge by ~0.5 microns. Based on the adjusted R 2 value (0.96 versus 0.90) and the reduced   (3.3 versus 5.8), the multiplexed data was more accurately fit to two Gaussian distributions, thus confirming that the two data sets represent distinct populations. 1 pixel= 160 nm. 
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